The Karlsruhe Nuklidkarte Database

Cat. 30 Research Fellow:
End of First Year Report

Christophe Normand

JRC-ITU-TN-2008/10

EUROPEAN COMMISSION

uuuuuuuuuuuu



The mission of ITU is to provide the scientific foundation for the protection of the European citizen
against risks associated with the handling and storage of highly radioactive material. ITU’s prime
objectives are to serve as a reference centre for basic actinide research, to contribute to an effective
safety and safeguards system for the nuclear fuel cycle, and to study technological and medical
applications of radionuclides/actinides.

Report -No: JRC-ITU-TN-2008/10
Classification:
Type of Report: Cat. 30 Research Fellow: First Year Report (2007)

Name Date Signature

reviewed by the
project coordinator / Ch. Normand

or action leader

approved by the .
project leader J. Magill

approved by the :
head of unit R. Caciuffo

released by the
director

T. Fanghanel

European Commission
Joint Research Centre
Institute for Transuranium Elements

http://itu.jrc.ec.europa.eu
http://www.jrc.ec.europa.eu

Legal Notice
Neither the European Commission nor any person acting on behalf of the Commission
is responsible for the use which might be made of this publication.

A great deal of additional information on the European Union is available on the
Internet.

It can be accessed through the Europa server
http://europa.eu/

© European Communities, 2008

Reproduction is authorised provided the source is acknowledged



Distribution List

T. Fanghanel (Director)

R. Caciuffo

J. Magill

A. Flach

F. Wastin (Programme Office)
Ch. Normand

J. Galy

A. Fernandez

G. Weber

ITU

ITU

ITU

ITU

ITU

ITU

ITU

ITU

ITU

x1

x1

x1

x1

x1

x1

x1

x1

X2



Table of contents

1. Introduction

2. Trandations and brochure

3. TheKarlsruhe Nuclide Chart
3.1 Creation of a related database
3.2 Structure of the data

4. Dissemination of infor mation

5. Reference Database

6. Collaboration with the JEFF pr oject

7. Nuclides.net Training Cour ses

8. Outlook

AN O1



1. Introduction

In this technical note, a comprehensive account of the work carried out at ITU in the first year
of my Category 30 Research Fellow position is presented. The contract for this post began on
15™ June 2006 with the project title “Karlsruhe Nuclide Chart”. The content of this report
covers the different parts of the activities devoted to this project. The first part is a summary
of the associated actions, whilst the second part concerns the related documents.

2. Trandlations and brochure

The first task that I was assigned to, was to take care of the translations concerning the
explanation booklet accompanying the fold out chart and the text located on the wall-chart. In
addition to the four languages used in the 1998 edition [1], German, English, French and
Spanish namely, Russian and Chinese were added to this new edition,. After reviewing the
French and Spanish ones, I also coordinated the Russian and Chinese ones. These translations
can be found in the latest edition of the Nuclide Chart [2].

After the release of the new edition this work is continued as subsidiary task, leading to the
online access of the Italian, Korean, Japanese and Romanian translations. Two new ones are
waiting: Arabic and Portuguese.

3. The Karlsruhe Nuclide Chart

Nowadays, more and more emphasis is put on the scientific databases and their management
as the complexity of technical projects increases significantly and the need of former and
trustful data is a prerequisite. A good example of a "long lived" nuclear database is illustrated
by the "Karlsruhe Nuclide Chart".

The Karlsruhe Nuclide Chart is a long well known scientific tool of which posters from the
various editions can be found on the walls of several nuclear laboratories and will be 50 year
old this year. Its principle is to provide to the scientific community the latest available
experimental nuclear decay data reported mostly in the international scientific literature. The
7™ edition[1] from 2006 follows this concept and makes the synthesis of almost one half-
century of work. From 1517 radio-nuclides in 1957 to more than 3650 nowadays, the chart
evolved with the successive breakthroughs carried out in this field, i.e. the discovery of a new
decay mode or a new element. And it is a striking feature of its long term success; the quality
of the provided database recognized worldwide goes together with the establishment of a
standard in terms of visualization scheme. The so recognizable pallet knew such a strong
enthusiasm that it became an inspiring reference.

Through this depicting of major decay properties, it offers a very useful data set for every
single nuclide including half life, decay modes, decay energies, abundances, cross sections,
thermal fission yields or atomic weights. As this chart was not developed for a specific
purpose and with specific data needs, the presented data are applicable to most fields
requiring application of nuclear techniques as medicine, environment protection,
radioprotection, astrophysics ...

Its established popularity, as well as its great didactic value, constitutes a challenging
framework of development for necessary and continuous improvements. In one hand, the
number of translations of its vademecum is now up to 10, facilitating its accessibility to a
wider number of people. In the other hand, the Karlsruhe Nuclide Chart is beginning to
benefit from new technologies with a presence on Internet through the NUCLEONICA



website [3], and by looking in the direction of an electronic edition in order to capitalize the
wider knowledge available.

In the proliferation of information linked with the new information technologies, this paper
based chart offers a trustful, educative and standardized compilation, evaluation and
visualization scheme of nuclear data.
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Fig. 1: The "Karlsruhe Nuclide Chart" colour visualization scheme use with the NUCLEONICA website.

3.1 Creation of a related database

The needs for an electronic database are of two kinds; the possibility to have a tool to follow
the evolution of the data as well as to make easier new updates of the chart and the
development of an electronic version of the chart. In the following section we describe what
makes the specificity of such a database and the way to generate it. The keys to success of this
"long-lived" paper-based chart, created nearly half a century ago, will be then analyzed. Since
its early creation, back in 1947, the chart was developed around two principal axes which
largely contributed to make a standard of it.

The first axe consists in the choice of data to be implemented into the chart, with significant
attention to their scientific published source. In the nuclear chart of Karlsruhe, the data come
predominantly from experimental data confirmed published in international recognized
scientific literature. The sophisticated structure on which the paper information is then
collected is essential and establishes the link between the raw data and its appreciation by the
evaluator. Classification groups of properties in connection with the structure and the decay of
nuclei have been developed. We collect firstly the properties relating to the chemical element,
i.e. the atomic weight, and the ones concerning the nuclide such as relative abundance or half
life, thereafter, the properties directly connected to the decay modes and the transition
characteristics, such as relative branching ratios and decay energies



3.2 Structure of the data

Every single nuclide is in the absolute defined by its composition in neutrons and protons.
These two numbers are the essential characteristics of it. From the combination of these two
numbers some general feature can be defined. Firstly, the isotopes have the same number of
protons and described one element, therefore having the same chemical properties.
Historically, the discovery of the elements came first; accordingly the naming of the element
is connected to their discovery mean.

Another interesting sub grouping consists in defining the isobar. An isobar is constituted of
the nuclides having the same number of nucleons. Some standard nuclear data are associated
to the isobars and thus are collected in the database, such as the mass distribution fission
yields for the thermal fission of both U-235 and Pu-239.
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Fig. 2: Screen capture of the KN Database

When creating a new nuclide entry in the database, the first field to be defined is the chemical
element of which properties are given in the International Union of Pure and Applied
Chemistry (IUPAC) publications. Up to now, 108 elements have been identified.

From this data, the chart shows five different fields: the name of the element, its symbol, its
number of protons and its atomic weight, and a cross-section panel.

Each nuclide is coded with a material index in the database, which is displayed in a subfield..
The “nuclide” section gives access to the following information: numbers of protons and
neutrons, isomeric state indicator (LISO), spin and parity, half-life, resonance width and
abundance. A “reference” and a “comment” fields are also available in the present version. A
cross-section entry fields can additionally be filled.

The “decay” section provides information determining the color scheme of the nuclide-box in
the chart representation. In this database section, the decay type and its corresponding code,
decay branching ratios, Q-value and an indicator on the isomeric state of the daughter nuclide
are given.



Spectral decay information can be found in the “spectrum” panel. The main characteristics
extracted from the chart are the different decay modes, corresponding classification identifiers
and the spectral values associated with the given decay modes. An example of the usefulness
of this panel is to easily retrieve gamma radiations emitted for a specific decay mode. It
should be noted that spectral information is not provided in any other sections. With the help
of a special coding, we provide in this panel the information on the isomeric status of the
daughter nuclides is provided.

The major achievement of this first post doc year, was the realization of an electronic
database to be used for the future updates of the paper edition and comparison surveys of the
collected data with well established nuclear evaluated databases.

The essential purpose of the on-going work on this Karlsruhe Nuclear Chart Electronic
Database is to give potential authors a useful tool to assist the publishing future editions. The
completion of the database interface and data collection has been completed in the second half
of the year 2007 and it’s currently being by another member of the Karlsruhe Nuclide Chart
development team for the design of a web interface for on-line access to the data.

The comparison with other evaluated databases has been initiated and interesting observations
can already be considered.

4. Dissemination of infor mation

The recognized difficulty to access information on the “Karlsruhe Nuclide Chart” and its
dissemination means, led to the identification of business solutions developed during the first
year of this post doc activity.

The Nucleonica website is hosting web pages providing basic information on the chart and as
well purchase information. A main task allocated to this post doc was to link these web pages
to other sites were people are seeking this kind of information. Registration of the Nucleonica
website and its related Nuclide Chart pages, resulted satisfactory results in term of visibility.
In addition, insert of articles in the Wikipedia online encyclopedia were also made. On the
French and English websites were provided links to the Nucleonica web-site besides pieces of
information concerning the related material, more particularly an historical overview of the
“Karlsruhe Nuclide Chart” (http://wikipedia.net/KarlsruheNuclide Chart).

5. Reference Database

In a first approach, this aspect of the database was disregarded. Nevertheless, intensive work
has been initiated during summer 2007 to extend the present database with scientific reference
information. R. Dreher has set an access tool, and the earlier references from the previous
authors are now being stored with the associated nuclear data. The reference data basing
allows assessment of the values from the original publications. When available, a link to an
electronic file is provided. The prior access database is now completely incorporated in the
new extended one.

6. Collabor ation with the JEFF project

One worldwide reference for nuclear data is the JEFF project developed on behalf of the NEA
(http://www.nea.net/JEFF). ITU has been part of the JEFF group meeting in the past years,
and the present work allowed providing benchmark comparisons of the two products
developed by ITU, Nucleonica and the Karlsruhe Nuclide Chart with the JEFF values. Great
interest has been expressed on this work by the “JEFF Decay Data” group. Some possible
collaboration on the analysis of the discrepancies has been evocated.



http://wikipedia.net/Karlsruhe
http://www.nea.net/JEFF

7. Nuclides.net Training Cour ses

Another important activity in the previous year was my involvement in organizing and
contributing to the 8" nuclear science training course with Nuclides.net [4]. This course is
organized in support of the Commission enlargement policies and is attended primarily by
participants from new and candidate countries. My main personal involvement has been the
preparation and delivery of a lecture on the “Karlsruhe Nuclide Chart”.

8. Outlook

Despite that the work preformed during over this year could not be considered as “pure
scientific activity”, it has been recognized as an essential and indispensable labour for the
future edition release of the Karlsruhe Nuclide Chart, due to be released in 2008. The work
devoted to the study, the analysis and the resulting discussions on the available experimental
data will without doubt provide new material for the scientific community. Further
collaboration with the JEFF group will offer the opportunity to provide them expertise on
decay data and to get an increasing role in the development of this reference database.

Bibliography:
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Mission Report of the participation of Jean Galy and Christophe Normand to the
JEFF/EFF working groups on evaluation and data validation and meeting at the
CEA/Saclay

The JEFF/EFF working group on evaluation and data validation meeting took place from
Monday 20/11/2006 to Wednesday 22/11/2006 at the NEA databank headquarters, Issy les
Moulineaux, France. About 50 people followed the meeting, mostly from CEA-France, the
IAEA, FZK-Germany and NRG-Netherlands but as well some guess from USA and Israel.
Discussions were focused on the status, needs, evaluation, benchmarks and testing, and future
releases of the European nuclear data library JEFF-3.1 and the EFF/EAF (European Fusion
File/European Activation File).
Interest for the ITU is principally driven by the development of Nucleonica which is using
and displaying data from JEFF library, and the join ITU/FZK project on the new edition of
the Karlsruhe Chart of Nuclides.
About the JEFF3.1, radioactive decay data (RDD):
Couple of accepted corrections to the actual JEFF-3.1-RDD (of relevance for Nucleonica) file
have been discussed and agreed during the meeting.
- A recent measurement of the half-life of ’Se has been achieved: Ty, =
(3.77£0.19)-10° a. This new value will be taken into account for the next
evaluation.

- Correction of the branching ration for spontaneous fission of ***U, which should
be 5.46:107 instead of 5.46-10°

- The uncertainty on the mean beta energy for the *’Sr decay given in the JEFF-3.1
RDD (233.8 keV) is not correct. It will be corrected to 1.0 keV'!

The American competitor evaluation file ENDF/B-VII which is about to be released in
December. Technical details are presented in the December edition of Nuclear Data Sheet.

The JEFF report 21: “The JEFF-3.1 Nuclear Data Library” has been published and is
available.

The JEFF-3.2 evaluation is to be released by 2008/2009 with photonuclear, activation, proton
and deuteron libraries.

ITU participation to the JEFF project:
A presentation (“Nuclear Data Activities at the ITU”) has been presented by Jean Galy and
Christophe Normand. The presentation is referenced as a JEFF document JEF/DOC-1153.
JEF/DOC are considered as non official papers and are for internal use within the JEFF group,
but can nevertheless be requested from the NEA databank.
The talk presented the three main lines of the ITU nuclear data activities:

- The Nucleonica Web-driven Nuclear Science Portal.

- The current status of the high intensity laser nuclear reaction studies carried out by
the ITU and its undergoing program for future photo-cross-section-measurements.

- The recent release of the 7" Edition of the Karlsruhe Chart of Nuclides.

Christophe Normand has, during its talk, presented a preliminary study made at the ITU
which compares nuclear data from the JEFF-3.1-RDD evaluation file and the data set used in
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the latest edition of the Karlsruhe Chart of Nuclides achieved at the ITU. Important
discrepancies can be noted in half-lives, modes of decay or actual number of nuclides and
isomers. The JEFF evaluation group has shown great interest in the presented comparison and
has expressed its will that the ITU goes further in its investigations. Mark Kellet from the
IAEA, who would like to release the new version of the JEFF3.1-RDD dataset by the time of
the next meeting, asked the ITU if we could provide him a list with identification of the main
discrepancies between the two above mentioned datasets.

On the other hand, Hans Henriksson (NEA) has expressed the possibility of a future
collaboration NEA/ITU on the bases of the Nucleonica (ITU) and Janis (NEA) packages.

Visit at the CEA/Saclay:

Meeting has been held at the CEA-Saclay/DSM/DRECAM/SPAM with our collaborators at
the UHI10 laser facility laboratory. The laser is being upgraded at the present moment time to
50TW and should reach 100TW in a second upgrade step planned by the end of 2007.

ITU will send an experimental proposal, by beginning of the year 2007, for access to the
upgraded laser mid-2007. This proposal will be based on the recent experimental results
obtained during the June 2006 campaign at the UHI10 by ITU and collaborators, and the
Monte-Carlo calculations under-going at the ITU to elaborate an experimental protocol for
measurement of photo-nuclear cross-section.

12



Mission Report of the participation of Jean Galy and Christophe Normand to the
JEFF/EFF working groups on evaluation and data validation

The JEFF/EFF working group on evaluation and data validation meeting took place from
Monday 04/06/2007 to Wednesday 06/06/2007 at the Escale Oceania Hotel, Aix en Provence,
France. About 50 people followed the meeting, mostly from CEA-France, the IAEA, FZK-
Germany and NRG-Netherlands but as well some guest from USA. Discussions were focused
on the status, needs, evaluation, benchmarks and testing, and future releases of the European
nuclear data library JEFF-3.1 and the EFF/EAF (European Fusion File/European Activation
File).

Interest for the ITU is principally driven by the development of Nucleonica which is using
and displaying data from JEFF library, and the joint ITU/FZK project on the new edition of
the Karlsruhe Chart of Nuclides.

About the JEFF3.1, radioactive decay data (RDD):

The most important part of this session was dedicated to the work on fission product yields
from R. Mills and the decay data from activation products and heavy elements and actinides.
It has been also discussed the next release of the JEFF-3.1.1-RDD decay data library and the
associated documentation (JEFF report 20). These two documents are of relevance for
Nucleonica and the next edition of the Karlsruhe Nuclide Chart.)

Most of rest of the discussions dealt with benchmarking and corrections to JEFF-3.1. The
status of new evaluations for various nuclides was also considered with some feedback
advising former data.

The feedback of users of the database for applied calculations was appreciated as the same
time that it focused the lack of data in region of special interest, i.e. proton therapy with
Institut Curie and the Orsay Proton Therapy Center, or reactor dosimetry.

One recent target of the JEFF project is the development of covariance matrices to give access
to a better understanding of the results given by the calculations using JEFF-3.1. A dedicated
effort from the CEA, and especially of the CEA Cadarache group, was presented with various
talks including Kalman filtering techniques and the new Conrad software. It has been
mentioned that these results should not be available with possible dates for the new release of
JEFF-3.2.

No date has been yet decided for the release of the JEFF-3.2 evaluation with photonuclear,
activation, proton and deuteron libraries.
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NEW BOOKLET TRANSLATIONS

1. Italian translation (H. R. Tedeschi)
2. Japanese translation (Dr. K. Uozomi)

3. Korean translation (Dr. P. Lee)
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Spiegazione della carta dei nuclidi

Generalita

In questa carta, ogni nuclide messo in evidenza
sperimentalmente, € rappresentato da un quadrato che
contiene il simbolo dell'elemento ed il numero di nucleoni A.
Nella carta, i nuclidi sono disposti in modo che il numero di
protoni Z sia indicato in ordinata ed il numero di neutroni N =
A-Z in ascissa.

Per la presente versione, I'edizione 1998 della carta dei nuclidi
di Karlsruhe & stata comparata con la valutazione NUBASE
del 2003 (16) per redigere un elenco dei nuclidi che non erano
presenti nella valutazione del 1998. A partire da quest'elenco,
abbiamo scelto soltanto i nuclidi che sono stati messi in
evidenza sperimentalmente. Sono stati scelti, in particolare, i
nuclidi di cui il periodo radioattivo, o la massa, & stata
misurata, o anche i nuclidi che sono stati chiaramente
identificati. Quando un nuclide & stato identificato, ma il suo
periodo radioattivo non €& stato misurato, un limite
d'individuazione per il periodo radioattivo & dato (superiore o
inferiore ad un certo valore). Gli stati metastabili che si
disintegrano esclusivamente verso lo stato fondamentale dello
stesso nuclide (dunque né con disintegrazione o o0 f3, né con
fissione spontanea) non appaiono nella carta soltanto se il
tempo del loro periodo radioattivo & superiore a 1s. Quando
I'emissione di una particella deriva da uno stato di risonanza di
un centro instabile, sono indicate, allo stesso tempo, la
larghezza della risonanza ed il periodo radioattivo
corrispondente, legate dalla relazione seguente:

2
FemTy2=hln2,  Tya(s)=4,562x 10 /T n(MeV)

Per le masse situate nellintervallo A = 266 - 294, abbiamo
utilizzato i dati piu recenti pubblicati su “Nuclear Data Sheets”
(fino al 12 agosto 2005) [17]. Per cido che riguarda il periodo
che non é stato esaminato da NUBASE, cioé del 2003 fino
all'estate 2006, le informazioni sui nuclidi sono estratte da
“Nuclear Data Sheets” 100 - 107. Inoltre, le pubblicazioni
originali sono state esaminate fino all'estate 2006. Un elenco
completo dei nuovi nuclidi e degli aggiornamenti effettuati nella
presente versione della carta € presentato successivamente
sempre in questa scheda.

Le masse atomiche degli elementi e le abbondanze isotopiche
sono estratte da J. R. Di Laeter [18]. | dati di disintegrazione
non sono indicati per gli isomeri che si disintegrano soltanto
con fissione spontanea. Una tabella di periodi radioattivi
(inferiori a 0,1 s), di B. Singh [19], & presentata nella scheda. |
rendimenti di catena di prodotti di fissione provengono da R.
W. Migli [20] e le sezioni efficaci di reazioni neutroniche
provengono di N. E. Holden [21].
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Explication de la carte des nucléides
Généralités

Dans cette carte, chaque nucléide mis en évidence
expérimentalement, est représenté par un carré contenant
le symbole de I'élément et le nombre de nucléons A. Dans
la carte, les nucléides sont disposés de sorte que le nombre
de protons Z soit indiqué en ordonnée et le nombre de
neutrons N = A-Z en abscisse.

Pour la présente version, I'édition 1998 de la carte des
nucléides de Karlsruhe a été comparée a I'évaluation
NUBASE de 2003 [16] afin d'établir une liste des nucléides
qui n'étaient pas présents dans I'évaluation de 1998. A partir
de cette liste, nous avons sélectionné uniquement les
nucléides qui ont été mis en évidence expérimentalement.
Ont été sélectionnés, en particulier, les nucléides dont la
demi-vie, ou bien la masse, a été mesurée, ou encore les
nucléides qui ont été clairement identifiés. Lorsqu'un
nucléide a été identifié, mais sa demi-vie n'a pas été
mesurée, une limite de détection pour la demi-vie est
donnée (supérieure ou inférieure a une certaine valeur). Les
états métastables se désintégrant exclusivement vers I'état
fondamental du méme nucléide (donc ni par désintégration
o ou B, ni par fission spontanée) ne figurent dans la charte
que si leur période de demi-vie est supérieure a 1s. Lorsque
I'émission d'une particule résulte d'un état de résonnance
d’'un noyau instable, sont indiquées, a la fois, la largeur de
la résonnance et la demi-vie correspondante, liées par la
relation suivante :

2
FemTy2z=hln2, Tya(s)=4,562x 10 /T pn(MeV)

Pour les masses situées dans la plage A = 266 — 294, nous
avons utilisé les données les plus récentes publiées dans
"Nuclear Data Sheets" (jusqu'au 12 ao(t 2005) [17]. En ce
qui concerne la période qui n'a pas été prise en compte par
NUBASE, a savoir de 2003 jusqu'a I'été 2006, les
informations sur les nucléides sont extraites des "Nuclear
Data Sheets" 100 — 107. De plus, les publications originales
ont été prises en compte jusqu'a I'été 2006. Une liste
compléte des nouveaux nucléides et des mises a jour
effectuées dans la présente version de la carte est
présentée plus loin dans cette brochure.

Les masses atomiques des éléments et les abondances
isotopiques sont extraites de J. R. De Laeter [18]. Les
données de désintégration ne sont pas indiquées pour les
isomeéres qui ne se désintegrent que par fission spontanée.
Un tableau de demi-vies (toutes inférieures a 0,1 s), de B.
Singh [19], est présenté dans la brochure. Les rendements
de chaine de produits de fission proviennent de R. W. Mills
[20] et les sections efficaces de réactions neutroniques
proviennent de N. E. Holden [21].
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[16] G. Audi, O. Bersillon, J. Blachot and A.H. Wapstra, The NUBASE evaluation of nuclear and decay properties, Nuclear Physics A, 2003, 729, 3 (2003).

[17] M. Gupta and T. W. Burrows, Nuclear Data Sheets 106, 251 (2005).
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published. See also R. W. Mills “Fission Product Yield “Evaluation”, Thesis, 1995, The University of Birmingham, UK .

[21] N. E. Holden, Neutron Scattering and Absorption Properties, Handbook of Chemistry and Physics on CD-ROM, version 2006, 11-185, Ed. D.R. Lide, CRC
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Modi di disintegrazione: colori e simboli

Nuclidi stabili

Radionuclidi primordiali, cioé quelli prodotti prima o nel corso
della formazione della materia terrestre ed ancora presenti
oggi.

I modi di disintegrazione sono rappresentati da colori specifici.

p: disintegrazione con emissione di protone

o : disintegrazione alfa

€ : disintegrazione per cattura d'elettrone

B*: disintegrazione con emissione di un positrone
ly : transizione isomerica

B~ : disintegrazione con emissione di un negatrone
sf: fissione spontanea

ce: emissione d'aggregato es: C 14, 20

n: emissione di neutrone

Le indicazioni che appaiono nella parte sinistra riguardano lo
stato metastabile e quelle nella parte destra lo stato
fondamentale. ly indica i fotoni y prodotti durante Ila
disintegrazione verso lo stato fondamentale dello stesso
nuclide (transizione isomerica).

L'attribuzione delle proprieta di disintegrazione ad uno stato
metastabile o allo stato fondamentale & dubbia.

Gli stati a vita breve, per i quali solo una disintegrazione con
fissione spontanea & stata osservata (isomeri che si
disintegrano con fissione spontanea), sono indicati da una
barra verticale verde.

Emissione di fotoni y ; sempre indicata con il nuclide padre
corrispondente

Disintegrazione [ seguita dall'emissione delle particelle
precisate o seguita da fissione spontanea (emissione delle
particelle ritardate con disintegrazione B o fissione ritardata
con disintegrazione f).

Emissione simultanea di due particelle B (« disintegrazione
doppio B », es: Te 130 — Xe 130).

Emissione delle particelle rispettive a partire da un nuclide
instabile. Un'emissione simultanea di due particelle € citata
soltanto quando I'emissione di una sola particella pud essere
esclusa per ragioni energetiche (es: Be 6 — 2p)

Bxp; pxn;
fd; B
Bxa; Bsf

28

p;n
2p; 20,

Modes de désintégration : couleurs et symboles

Nucléide stable

Radionucléides primordiaux, c'est-a-dire ceux produits avant
ou au cours de la formation de la matiére terrestre et encore
présents aujourd'hui.

Les modes de désintégration sont représentés par des
couleurs spécifiques.

p : désintégration par émission proton

o : désintégration alpha

€ : désintégration par capture d'électron

B*: désintégration par émission d'un positron
ly : transition isomérique

B : désintégration par émission d'un négatron
sf : fission spontanée

ce : émission d'agrégat ex : C 14, Ne 20

n : émission de neutron

Les indications figurant dans la partie gauche concernent
I'état métastable et celles dans la partie droite I'état
fondamental. Iy dénote les photons y produits pendant la
désintégration vers I'état fondamental du méme nucléide
(transition isomérique).

L'attribution des propriétés de désintégration a un état
métastable ou a I'état fondamental est incertaine.

Les états a vie courte, pour lesquels seule une
désintégration par fission spontanée a été observée
(isomeéres se désintégrant par fission spontanée), sont
indiqués par une barre verticale verte.

Emission de photons y ; toujours indiquée avec le nucléide
pére correspondant.

Désintégration B suivie de I'émission des particules
spécifiées ou suivie de fission spontanée (émission des
particules retardées par désintégration B ou fission retardée
par désintégration ).

Emission simultanée de deux particules B (« désintégration
double B », ex : Te 130 — Xe 130).

Emission des particules respectives a partir d'un nucléide
instable. Une émission simultanée de deux particules n’est
mentionnée que lorsque I'émission d'une seule particule
peut étre exclue pour des raisons énergétiques (ex : Be 6 —
2p).

16



Modi di disintegrazione multipli e relazioni di giunzione

Le relazioni di giunzione dei modi di disintegrazione possono
essere indicate da 3 dimensioni diverse dalle superfici colorate
e dalla successione dei simboli. | modi di disintegrazione puri
sono indicati da un colore unico (vedere la parte precedente). |
modi di disintegrazione misti sono indicati dall'utilizzo di
triangoli colorati. Un piccolo triangolo colorato, nell'angolo
superiore sinistro o nell'angolo inferiore destro, indica una
relazione d'allacciamento per questo modo di meno del 5%
(viceversa, il modo principale di disintegrazione ha una
relazione di giunzione di oltre il 95%), come indicato sulla
figura. | piccoli triangoli che rappresentano I'emissione di
protone o alfa sono sempre nell'angolo superiore sinistro (primi
due quadrati). | triangoli per emissioni B~ e la fissione
spontanea sono sempre in fondo a destra. | triangoli che
rappresentano ¢/p* o ly possono essere in cima a sinistra o in
fondo a destra, secondo il modo principale. Per /B,
triangolo rosso € in fondo a destra se il modo principale &
I'emissione alfa o di protone. Altrimenti, il triangolo rosso &
nell'angolo superiore sinistro. Per la transizione isomerica ly,
un triangolo bianco & in fondo a destra se il modo principale &
I'emissione alfa o di protone o ¢/p, altrimenti, & nell'angolo
superiore sinistro. L'emissione d'aggregato & sempre indicata
per mezzo di un piccolo triangolo nell'angolo superiore destro.
Quindi, i piccoli triangoli sono messi come segue:

Modes de désintégration multiples et rapports
d'embranchement
Les rapports d'embranchement des modes de

désintégration peuvent étre indiqués par 3 tailles différentes
des aires colorées ainsi que par la succession des
symboles. Les modes de désintégration purs sont indiqués
par une couleur unique (voir la partie précédente). Les
modes de désintégration mixtes sont indiqués par
l'utilisation de triangles de couleur. Un petit triangle de
couleur, dans l'angle supérieur gauche ou dans l'angle
inférieur droit, indique un rapport de branchement pour ce
mode de moins de 5% (inversement, le mode principal de
désintégration a un rapport d'embranchement de plus de
95%), tel qu'indiqué sur la figure. Les petits triangles
représentant I'émission proton ou alpha sont toujours dans
l'angle supérieur gauche (deux premiéres cases). Les
triangles pour les émissions B~ et la fission spontanée sont
toujours en bas & droite. Les triangles représentant €/f" ou ly
peuvent étre en haut a gauche ou en bas a droite, selon le
mode principal. Pour ¢/p*, le triangle rouge est en bas a
droite si le mode majeur est I'émission alpha ou proton.
Sinon, le triangle rouge est dans I'angle supérieur gauche.
Pour la transition isomérique ly, un triangle blanc est en bas
a droite si le mode majeur est I'émission alpha ou proton ou
e/p’, sinon, il est dans I'angle supérieur gauche. L'émission
d'agrégat est toujours indiquée a l'aide d'un petit triangle
dans l'angle supérieur droit. Ainsi, les petits triangles sont
placés comme suit :

2N =i ==}

Se la relazione di giunzione del modo principale di
disintegrazione ¢ situata nell'intervallo che va da 5 a 50%
(che implica una relazione di giunzione per il modo
principale situato nell’intervallo dal 50 al 95%), il quadrato &
diviso in due secondo una linea diagonale, che collega
I'angolo inferiore sinistro all'angolo superiore destro. La
posizione dei grandi triangoli segue quanto descritto sopra
per i piccoli.

Si le rapport d'embranchement du mode principal de
désintégration est situé dans la plage allant de 5 a 50%
(impliquant un rapport d'embranchement pour le mode
principal situé dans une plage de 50 a 95%), la case est
divisée en deux par un lien en diagonale, reliant l'angle
inférieur gauche et l'angle supérieur droit. L'emplacement
des grands triangles est similaire a ce qui est décrit ci-
dessus.

In alcuni casi, sono possibili tre modi di disintegrazione.
Alcuni esempi sono indicati sotto.

Au 184 m Az 222 m

A4

Am 242 m

Ao 226

Dans certains cas, trois modes de désintégration sont
possibles. Quelques exemples sont indiqués ci-dessous.

No 254 Es 254 m

4N

Esempi : Exemples :
e+ pr=100% e+ = 100% 0% =a<85% BO%= e 85 % a=95% 50 % =1y < 85 % &= 05 %
o
i A
=% A [umaas% 5% <e=50% 5 % 0= 650 % B =5% 5% <e=H0% by =5 %
=% B by b=y
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| simboli per i modi di disintegrazione con emissione di
particelle sono ordinati secondo la relazione di giunzione
con la relazione di giunzione piu elevata inizialmente,
seguita dai fotoni y e gli elettroni di conversione. | dati
relativi alla transizione isomerica sono indicati secondo la
relazione di giunzione del modo di disintegrazione. Le
particelle o fissione B ritardate (Bn, pp, Psf) precedono o
seguono i fotoni y secondo la loro rispettiva intensita
relativa. Per una disintegrazione data, le energie fornite
sono classificate in ordine decrescente della loro rispettiva
probabilita d'emissione. Nel caso di una disintegrazione j3, &
utilizzata una norma leggermente differente (vedere sotto).

I punti indicano altre transizioni dello stesso tipo con
intensita piu basse.

Le energie sono espresse in keV per i fotoni y ed in MeV per
le altre particelle. Un simbolo di disintegrazione senza
indicazione d'energia significa che la disintegrazione ¢ stata
osservata ma che la sua energia non ¢ stata misurata.

L’energia massima della transizione f & la piu frequente. Se
esistono altre transizioni con energie superiori, la piu
elevata energia massima osservata & data in aggiunta come
secondo valore.

Transizione B d'energia conosciuta la cui somma delle
probabilita di transizione ¢ inferiore a 1%.

La cattura di elettroni & indicata soltanto quando & piu
probabile della disintegrazione p’.

Energie delle particelle in ordine crescente delle relazioni di
giunzione. Almeno un valore & indicato anche se la
probabilita di transizione piu frequente & inferiore a 1%.

Energie dei fotoni y piu frequenti in ordine decrescente delle
probabilita d'emissione. Le probabilita inferiori a 1% sono
indicate tra parentesi.

Le energie y seguite da un asterisco indicano transizioni che
seguono un'emissione di nucleoni B- ritardata.

Molti fotoni y a intensita sconosciute si situano nell'intervallo
di energie tra 291-1319 keV.

Gli elettroni di conversione sono segnalati soltanto se sono
piu probabili dei fotoni y. Le energie non sono indicate.

Sezioni efficaci
Tutte le sezioni efficaci sono espresse in barn (10 cm?) e
sono valide per le reazioni con neutroni termici (0.0253 eV).

Sezione efficace per la reazione (n, y). Se due valori sono
indicati, il primo concerne la formazione del centro del
residuale allo stato metastabile, ed il secondo concerne la
formazione allo stato fondamentale.

Sezione efficace di fissione

Sezione efficace per il reazione (n, p)
Sezione efficace per il reazione (n, a)
Sezione efficace d'assorbimento

Altre abbreviazioni e simboli

Rendimento di catena (%) di fissione termica di U235
(sopra la linea-freccia) e di Pu239 (al sotto della linea-
freccia).

I nuclidi aventi uno strato completo di neutroni o di protoni
sono indicati da linee di inquadramento spesse orizzontali o
verticali.

| simboli “m” e/o “g”, segnalano che lo stato metastabile e/o
lo stato fondamentale, del nuclide figlio si vede popolato. |
simboli sono dati nell'ordine decrescente di probabilita. Le
probabilita di disintegrazione inferiori al 5% non sono
indicate. Gli indici aggiunti a “m”, es: m1, mz, sono utilizzati
per designare diversi stati metastabili (con m2 essendo uno
stato d'energia piu elevato di m1).

B27...

B 1.2;109...

™ ™

a3.75,4.43...

p 1.56
Bp 4.5

v 815; 1711...

v (1340)

v 815%

v291-1319

Of
Onp
GOn,a

G abs

Les symboles pour les modes de désintégration avec
émission de particules sont ordonnés selon le rapport
d'embranchement avec le rapport d'embranchement le plus
élevé d'abord, suivi par les photons y et les électrons de
conversion. Les données relatives a la transition
isomérique sont indiquées selon le rapport
d'embranchement du mode de désintégration. Les
particules ou fission B retardées (Bn, Bp, Bsf) précédent ou
suivent les photons vy selon leur intensité relative respective.
Pour une désintégration donnée, les énergies fournies sont
classées par ordre décroissant de leur probabilité
d’émission respective. Dans le cas d'une désintégration f3,
une régle quelque peu différente est utilisée (voir ci-
dessous).

Les points indiquent d'autres transitions du méme type avec
des intensités plus basses.

Les énergies sont exprimées en keV pour les photons y et
en MeV pour les autres particules. Un symbole de
désintégration sans indication d’énergie signifie que la
désintégration a été observée mais que son énergie n’a pas
été mesurée.

Energie maximale de la transition B la plus fréquente. Si
d’autres transitions avec des énergies supérieures existent,
la plus grande énergie maximale observée est donnée en
plus comme deuxiéme valeur.

Transition B dénergie connue dont la somme des
probabilités de transition est inférieure a 1 %.

La capture d'électrons n’est indiquée que lorsqu’elle est plus
probable que la désintégration p*.

Energies des particules dans l'ordre croissant des rapports
d’embranchement. Au moins une valeur est indiquée méme
si la probabilité de transition la plus fréquente est inférieure
a1%.

Energies des photons y les plus fréquents dans l'ordre
décroissant des probabilités d’émission. Les probabilités
inférieures a 1 % sont indiquées entre parenthéses.

Les énergies y suivies par un astérisque indiquent des
transitions qui suivent une émission de nucléons B-retardée.

Plusieurs photons y aux intensités inconnues se situant
dans l'intervalle d'énergies entre 291-1319 keV.

Les électrons de conversion ne sont indiqués que s'ils sont
plus probables que les photons y. Les énergies ne sont pas
indiquées.

Sections efficaces

Toutes les sections efficaces sont exprimées en barn (10
sz) et sont valables pour les réactions avec des neutrons
thermiques (0.0253 eV).

Section efficace pour la réaction (n, y). Si deux valeurs sont
indiquées, la premiére concerne la formation du noyau du
résiduel a I'état métastable, et la deuxiéme concerne la
formation a I'état fondamental.

Section efficace de fission

Section efficace pour la réaction (n, p)
Section efficace pour la réaction (n, o)
Section efficace d'absorption

Autres abréviations et symboles

Rendement de chaine (%) lors de la fission thermique de
U235 (au dessus de la ligne fléchée) et de Pu239 (au
dessous de la ligne fléchée).

Les nucléides ayant une couche compléte de neutrons ou
de protons sont indiqués par des lignes d’encadrement
horizontales ou verticales épaisses.

Les symboles “m” et/ou “g”, indiquent que I'état métastable
et/ou I'état fondamental, du nucléide fils se voit peuplé. Les
symboles sont donnés dans l'ordre décroissant de
probabilité. Les probabilités de désintégration inférieures a
5% ne sont pas indiquées. Les indices ajoutés a “m”, ex :
m1, mz, sont utilisés pour désigner différents états
métastables (avec mz étant un état d'énergie plus élevée
que m1).
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Dati o attribuzioni dubbi. 2 Données ou attributions incertaines.

Nanosecondo, microsecondo, millisecondo, secondo, ns, Us, ms, s, Nanoseconde, microseconde, milliseconde, seconde,
minuto, ora, giorno, anno. m. h.d a minute, heure, jour, année.
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Disposizione dei simboli e dei dati

Elementi

Simbolo dell'elemento
Massa atomica standard nel sistema C 12 = 12

Sezione efficace d'assorbimento dei neutroni termici (barn)

Nuclidi stabili

Simbolo dell'elemento e numero di nucleoni
Tenore isotopico naturale in percentuale atomica

Sezioni efficaci (n, y) di formazione dello stato metastabile e dello
stato fondamentale di Te 127 per i neutroni termici (barn)

Simbolo dell'elemento e numero di nucleoni

Parte sinistra: periodo radioattivo dello stato metastabile;

Energia del fotone y (keV) emessa in occasione della transizione
isomerica
Parte destra: tenore isotopico naturale in percentuale atomica;

sezione efficace (n, y) per i neutroni termici (barn)
Nuclidi instabili

Simbolo dell'elemento e numero di nucleoni
Periodo radioattivo

Modi di disintegrazione ed energia massima di irradiazione b’
(MeV)

Energia v (keV), elettroni di conversione,

Sezione efficace (n, y) (barn)

Simbolo dell'elemento e numero di nucleoni
Periodi radioattivi

| due stati si disintegrano per cattura di elettroni; lo stato
metastabile si disintegra verso lo stato fondamentale con una
relazione di giunzione per ly situats nell'intervallo che va dal 50%
al 95%

Simbolo dell'elemento e numero di nucleoni

Parte sinistra: isomero che si disintegra con fissione spontanea,
T<0,1s

Parte destra: dati di disintegrazione dello stato fondamentale.
“g” segnala che il discendente Pu 240g si forma almeno al 95%; lo
stato metastabile Pu 240m pud essere presente in proporzioni che
possono raggiungere il 5%

Quando I'emissione di una particella deriva da uno stato di
risonanza in un centro instabile, la larghezza di risonanza I'
(MeV) e il periodo radioattivo T12 sono indicati

Cd
112.41

Gaps 2520

ali12+08

H®6
1.6 MeV
290 - 1025

n?3n?

Disposition des symboles et données

Eléments

Symbole de I'élément
Masse atomique standard dans le systeme C 12 = 12

Section efficace d'absorption des neutrons thermiques (barn)

Nucléides stables

Symbole de I'¢lément et nombre de nucléons
Teneur isotopique naturelle en pourcent atomique

Sections efficaces (n, y) de formation de I'état métastable et de
I'état fondamental de Te 127 pour les neutrons thermiques
(barn)

Symbole de I'¢lément et nombre de nucléons

Coté gauche : demi-vie de I'état métastable ;
Energie du photon y (keV) émis lors de la transition isomérique

Cété droit : teneur isotopique naturelle en pourcent atomique;
section efficace (n, y) pour les neutrons thermiques (barn)

Nucléides instables

Symbole de I'élément et nombre de nucléons
Demi-vie

Modes de désintégration et énergie maximale du
rayonnement 3~ (MeV)

Energie vy (keV), électrons de conversion,

Section efficace (n, y) (barn)

Symbole de I'¢lément et nombre de nucléons
Demi-vies

Les deux états se désintegrent par capture d'électrons ; I'état
métastable se désintégre vers I'état fondamental avec un
rapport d'embranchement pour ly situé dans la plage allant de
50 % a 95 %

Symbole de I'¢lément et nombre de nucléons

Coté gauche : isomeére se désintégrant par fission spontanée,
T<0,1s

Coté droit : données de désintégration de I'état fondamental.
“g” indique que le descendant Pu 240g se forme au moins a 95
%; I'état métastable Pu 240m peut étre présent dans des

proportions pouvant atteindre 5 %

Lorsque I'émission d'une particule résulte d'un état de
résonnance dans un noyau instable, la largeur de résonnance
I' (MeV) ainsi que la demi-vie T12 sont indiquées
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Explanation of the Chart of the Nuclides

General

In this chart each experimentally observed nuclide is
represented by a square containing the symbol of the
element and the number of nucleons A. In the chart the
nuclides are arranged such that the proton number Z is
given on the ordinate and the neutron number N = A— Z on
the abscissa.

In the present nuclide chart update, the 1998 edition of the
Karlsruhe Nuclide Chart was compared to the NUBASE
2003 evaluation [16] to establish a list of nuclides which
were not present in the 1998 evaluation. From this list we
have selected only nuclides which have been measured
experimentally. In particular, nuclides were selected where
the half-life or the mass has been determined or the
nuclide has been clearly identified. Where a nuclide has
been identified but the half-life has not been measured, a
detection limit for half-life is given (greater or lower than a
value).

Metastable states, which do not undergo a-, or B-decay, or
spontaneous fission, i.e. decay only by gamma emission,
are included only if their half-life is larger than 1 s. Where
emission of a particle results from a resonance state in
unstable nuclides, both the resonance width and
corresponding half-life are given using the relations:

-22
TemTia=h1n2, Tya(s)24.562x 10/ Tom(MeV)

For mass numbers in the range A = 266 — 294 we have
used the latest 2005 (till August 12, 2005) Nuclear Data
Sheets revision [17]. For the period not covered by
NUBASE, i.e. 2003 until summer 2006, nuclide information
has been taken from Nuclear Data Sheets 100 — 107. In
addition, original publications up to summer 2006 were
taken into account. A full list of new and updated nuclides
in the present chart is given later in this brochure.

Atomic weights of the elements and isotopic abundances
have been taken from J. R. De Laeter [18]. For isomers
which decay exclusively by spontaneous fission, no decay
data is given in the chart. A table of half-lives (all less than
0.1 s), from B. Singh [19], are given in the brochure. Chain
yields are from R. W. Mills [20] and neutron cross sections
are from N. E. Holden [21].

|sabars

lz0

[ZETF +— BN ORFHR
BE

AREF ¥ — KT, ERNICEEShKEE, TEXIESH

KUBTHMAZECRKEICKY) TRT. SREOB T2 HiE
o, FHEFHN (=A-2) BEEICHET B,

AFv¥—RTR., TH—ILAN—IEF+—N1998FRRIENN
UBASE 20034 ;i i

[elleZzE&EL, BIEICRBENATVEA > EHKEEZVANT

YTL, COFNSRBNICHERENAKEOK, 1510, HEH
HBIVEEENfREETNLED, HHVERESFARICHEETE
EE0, ZEATERHLTVD., RENRBETE TEEEHEL A
FENATVWREVEDIIOVTR., ¥EHOAERAE (H3E
E. HBVEHUT) ZRELTVS,

afifE, BEIE. BRVRERERIROVThETOT/HRED

HETOEREREICOVTR, TyREOEBEMrBEIYER
WBEICOVWTOXEBHET D, HRREOTREREN SHTH
HEEh35E, HREBECHEFHOBEREUATORXNTRENS,
TemTi2=h1n2, Tyn(s) =4.562x 10 W, Tem(MeV)

BEHAN266~2940%EICBIL Tk, [Nuclear Data
Sheets® & #AR ( 20055 T, 200568 B 12AETNF—R %1
8)[17128IAL TV, 2003&E L #2006EE TN, NUBASE
THEHEE N TV AVHEICEL TR, Nuclear Data Sheets 100
10710 7F—2%Z5|ALTVS, BlZ, 2006FEEXTICEBHE
NERXOTF—REEBELTVWD, AFvY—NCTHEICMES
niz, H53VREREENEKEOV ANIEMFTERIRT D,

ENROEFED LTRERMAFELEEI. R De Lacterd ik
[18]

Z5|ALTVS, BRI BOATHETDIEEKOBAET—X
. AF vy —KCERERERLTVAV, ZTOM, B. Singh® 328
[19] BEDOAR LT OEFHAKR, R W. Mills® 3k [20]
SEEHOEHINE, N. E. Holden® 3R [21]
REOFMHFHEEEZAMFICERHEL VS,

tane

49

48

&7

Isotopes

Isotope

80 a2

N

66

6

Isotones

&8

Isobare

[16] G. Audi, O. Bersillon, J. Blachot and A.H. Wapstra, The NUBASE evaluation of nuclear and decay properties, Nuclear Physics A, 2003, 729, 3 (2003).
[17] M. Gupta and T. W. Burrows, Nuclear Data Sheets 106, 251 (2005).
[18] J. R. De Laeter, J. K. Bohlke, P. De Bievre, H. Hidaka, H. S. Peiser, K. J. R. Rosman, and P. D. P. Taylor, Atomic Weights of the Elements: Review 2000, Pure

& Appl. Chem., 75, 683 (2003).

[19] B. Singh, R. Zywina, and R. Firestone, Table of Superdeformed Nuclear Bands and Fission Isomers, 3rd Edition, Nuclear Data Sheets 97, 241 (2002).

[20] A. Koning, R. Forrest, M. Kellett, R. Mills, H. Henriksson,Y. Rugama “JEFF Report 2.1: The JEFF-3.1 Nuclear Data Library”. OECD/NEA Report to be published.
See also R. W. Mills “Fission Product Yield “Evaluation”, Thesis, 1995, The University of Birmingham, UK .

[21] N. E. Holden, Neutron Scattering and Absorption Properties, Handbook of Chemistry and Physics on CD-ROM, version 2006, 11-185, Ed. D.R. Lide, CRC

Press, Boca Raton, Florida.

21



Decay Modes: Colour and Symbols

Stable nuclide

Primordial radionuclides, i.e. those formed in the build-up
of terrestrial matter and still present today.

Decay modes are represented by specific colours.

p: Proton decay

o: Alpha decay

€: Electron capture

B": Positron decay

ly: Isomeric transition

B": Negatron decay

sf: Spontaneous fission

ce: Cluster emission e. g. C 14, Ne 20
n: Neutron emission

The data given in the left part apply to the metastable state,
those in the right part to the ground state. Iy denotes y-
quanta due to the decay to the ground state of the same
nuclide (isomeric decay).

The assignment of decay properties to the metastable or
ground state is uncertain.

One or more short-lived states, for which only decay via
spontaneous fission has been observed (spontaneously
fissioning isomers) are indicated by a vertical green bar.

Emission of y-quanta; they are always listed together with
the respective parent nuclide.

Emission of the specified particles or spontaneous fission
from an excited level of the daughter nuclide, populated via
B-decay (“pB-delayed particle emission or fission”).

Simultaneous emission of two B-particles (“double pB-
decay”, e.g. Te 130 — Xe 130).

Emission of the specified particles from a particle-unstable
nuclide. Simultaneous emission of two particles is indicated
only, if one-particle-emission is excluded for energetical
reasons (e.g. Be 6 — 2p).

Bxp; pxn;
Bd; Bt;
Bxa; Bsf

23"

p;n
2p; 20

AEROERBLRES
REKE

RERE, A5, RRAIERL ) BREXRTEFETIHRE

BEERXNIUTORS ICEBDTT S,

p:EFERE (FLODR)
o ofiE (E®)
cETHE(EVY)
BB HE(E>VY)
ly: EMREE (H)
prpHAE(F)

st BREDH (#)
ce: VT AZ—mH (Hi
n: FHEFRE (k&)

C14,Ne 20, %)

EREERERE, GREERREZRT. Iy
FE-—BZEOEERENDHE ( BMKBER) CHS/HREZER
?O

ERERED BERREDN A THAREREEZRY,

BRBEIRICLDEROANEAREIATVIEE (BRRIHE
M), 12532V ThALOEFTREZREOMETRY

o

'YMII:EIO ﬁ":ﬁ&ﬁt#‘:ﬂ'—\?e

PRETELULMBREOEKESN SHENFIREHENLD, &
PUVRAEBZEN BRIV ETIE0 (BEENFRESHZ L
FPEBEZTH ) o

BRI 2EDPHEETEED
(2EpEIE. Bzl Te 130 > Xe 130 ) »

NFFRERRENSBENFIREENZE0, IRILF—H
BHICEAWINFHRENHYBEVBEICO&K, 2MTORKK
HERRTS

( BlZ & Be 6 — 2p).
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Multiple Decay Modes and Branching
Ratios

The branching ratios of the decay modes are indicated by 3
different sizes of the coloured sections and by the
sequence of the symbols. Pure decay modes are indicated
by a single colour (e.g. see previous section). Mixed decay
modes are indicated by the use of coloured triangles. A
small coloured triangle in the top left or bottom right
indicates a branching ratio for this mode of < 5%
(conversely, the major mode has a branching ratio of >
95%) as shown in the figure. The small triangles
representing proton or alpha emission are always on the
top left corner (first two boxes). The triangles for -
emission or spontaneous fission are always at the bottom
right. Triangles representing €/f" or ly may be at the top left
or bottom right depending on the major mode. For ¢/f", the
red triangle is at the bottom right if the main mode is alpha
or proton emission.

Otherwise, the red triangle is at the top left corner. For
isomer transition ly, the white triangle is at the bottom right
if the main mode is a- or p- emission or €/f*, otherwise it is
at the top left corner. Cluster emission is always indicated
with a small triangle in the top right corner. Hence the
location of the small triangles is as follows:

SHES LU ikE

BRHRODIEREG, KENTEDTENEHIORRE LT3
BOREENDEV, BITTORIICK KT, BE—FHRETREX
E2EE-—BTRIDOICHL (FHsR ), EEHEREXER
CROBO=ZAFKTRY., ELHAIVWRATICNEBE=ZAEL®
2HEEICE, DIXRHF5%UT, A5, ERHEBEEXDOEEHN5
PUETHBDZEEZRT, BTFHDVRaFERHT 2 HER
. TROERZRDKIS ICKERELD=ZAFKTERT. B

BHEPERRIBEETOZARTRY. ETHERBP HESHS
WEEMBREB TR, TREEEXCEUTRKEANE LSS W
BEATOZAETRY. COBE. TEHEEA MR FHRES
PVEBTHRETHNE, EFHEP BHRELATORVZAR
TL, ThUATRELDFVWZARTERT, ENRER: Iy
FEEBEEX MR THE. BFHRE. 2 VEEFHER S

EOBEIIEEAETOAV=ZAFTRL., ThUAOBEICREL
DHVEZAETRT., V7AX—HEOBARECELO=ZAK
kY,
NTICABZETRT,

=X i o

If the branching ratio of the minor mode is in the range 5 —
50% (implying a branching ratio for the major mode in the
range 50 — 95%), the box is divided into two by a diagonal
connection the lower left and top right corners. The location
of the large triangles is similar to that described above.

In some cases, three decay modes are possible. Some
examples are shown below.

PIEEAS5~50%, BI5ERFEERRNDEEGH50~95%DHE
KEFEFRICKVELEATI2E9END, COBO=AFD
B ERFEETH D,

A4

IDDEEEAN FETIHEEOHEATICRT.

Au 184 m Ac 222 m Am 242 m Ac 226 MNo 254 Es 254 m
Examples: i
e+ =100% £+ = 100% 50% = =95 50%= e 5% o =95% 50 % =y = 95% £ = 05 %
a
oH4
U & =T B % B %E [e+[3) = 95% 5% < e=50% 5% <o =50% B =5% 5% <e=50% =5 %
Yee=% Bt by=y by
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The symbols for the particle emitting decay modes are
arranged according to branching ratio with the highest
branching ratio first, followed by y-quanta and
conversion electrons. The data for the isomeric decay
have been arranged corresponding to the branching
ratio of the decay mode. B-delayed particles or fission
(Bn, Bp, Bsf) precede or follow the y-quanta according to
the relative intensities.

For a given type of radiation the sequence of the
energies corresponds to the relative intensities (in
decreasing order) of the respective radiation. In case of
B-decay a slightly different rule is used (see below).

Points indicate further transitions of the same type with
lower intensities.

Energies are given in keV for y-quanta, in MeV for all
kinds of particles. A radiation symbol without energy
value indicates that the radiation occurs but the energy
has not been measured.

Endpoint energy of the most abundant B-transition. In
case further transitions with higher energies exist, the
second number corresponds to the hightest endpoint
energy observed.

B-transitions with known energies, for which the sum of
their abundances is less than 1%.

Electron capture is specified only, if it is more probable
than B*-decay.

Particle energies listed according to decreasing
probabilities of the respective transitions. At least one
energy is given, even if the abundance of the most
prominent group is less than 1%.

Energies of the strongest y-quanta arranged in order of
decreasing intensities. Intensities less than 1% are given
in brackets.

v-Energies followed by an asterisk denote transitions
after B-delayed particle emission.

Several y-quanta of unknown intensities within the
energy interval 291-1319 keV.

Conversion electrons are specified only if they are more
abundant than the y-quanta. Energies are not quoted.

Cross Sections
All cross sections are given in barn (107 cm?) and refer
to reactions with thermal neutrons (0.0253 eV).

Cross section for the (n, y) reaction. If two values are
given, the first refers to the formation of the product
nucleus in the metastable, the second to the formation in
the ground state.

Fission cross section
(n, p) cross section
(n, o) cross section

Absorption cross section

Additional Symbols and Abbreviations
Chain yield (%) for the thermal neutron fission of U235
(above) and Pu239 (below) the arrowed line.

Br27 ...
B 1.2;109...

a 3.75,
4.43...
p 1.56

Bp 4.5

vy 815; 1711...
v (1340)

y 815%

v 291-1319

ST}
Gnp
Gn,ot

G abs

w182

0.73

WFREEES HETE. PEEOREVIETREERLT,
BV ERRETER T, EEREBTROEEOEIC
Y. PIEEER TR X PIELE B 34 2 H(pn, Bp,
psfld, HXAEICISLU TYREDOBEIZE T,
ZThTNORSEER TR, IRLF—FHENEEOKRE VE
ICf2d. EL., BEEHFENFER. UTICRTLIICRPE
BRRAEAVD,

B ARRTREVEBECEBNELCLHZ ZEETRT,

BEIRILF—R, /BHOBEEkeVENT, 2TORFHK
HOBRICREMeVENTRYT, IRILF—OENLRHENT
WEWEER., BREBERETIEOOHRFIRILF—FF
ERAEEATVWEWIEZTRT,

REDIFREBOKRE ZPEBOBRKIRILF — BEILIRILF
—DARZBEBIHZEEICE. 2EAORENREEhTY
PBRARODBRIRILF—ZETRT,

SHIREA1%KRBT, TRLF—HURL TV BpES.

ETHER, pAREL)ERBHAKREVEEOHEHE,

HFOIRILF—G. BEBREFREVIECREE, REEE
BIN—TOREN1%ABOBETERBEIDOIRILF—
[EIEERE

IRLF—FBERE BB DV TRBEAN AE VIEICE
M. BEF1%RBOBER()NICER.

JIRLE— *
FH<EDR, PEENFTHHEOERERT,

291~1319%keVO IR F—EEANIZ W< DA OBEFHZy
HENFHBEZTT,

ERETRHEL Y EREAFBVESIC DV TOHEH. T
FILF—RFREHET,

W ER
WiETE I % T0.0253e VO BFH TN T BET, /N\—>(10-
2 cm) B TRY,

(n, Y)
RIS 2 HEE. 20 DENFRBHENTVREEICE. 1

EEOEN EZEREOKBERRIS, 2HF BN EERREDK
BOERRGICHET S,

B R EE

(n, p) RISOUEE

(n, o) RISOUEE

R MR b T A

ZTNHORSELTHES

U350 B F RS RHICH T 2 EHEINK(%)ZRNOLEIZ, P
U239 P M F RS RICK T 2 EHIRRK(%)ZRDOTICRER

o
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Nuclides with a closed neutron or proton shell are
characterized by heavy horizontal or vertical lines.

The symbols “m” and/or “g” indicate that the metastable
and/or ground state of the daughter nuclide is populated,
respectively. The symbols are presented in order of
decreasing probability. Branches with probabilities less
than 5% are not shown. Subscripts on “m”, e.g. my, my,
are used to denote different metastable states (with m,

being a higher energy state than my).

Data or assignment uncertain.

Nanosecond, microsecond, millisecond, second, minute,
hour, day, year.

ns, ps, ms, s,
m,h,d, a

hHEFERSDVEBTFRREE T IRERIARTRATS

m & g

NTNREBENFrERERESHZ VEERRETEREhD
2Rl MEROBVIEICFEHE. BL. URRH5%RHE O DK
FREBLEZV, ‘M, ‘M DRSE “m”
DHFRAFRIRRBZERZEREZRL. ‘m” & ‘my”
FNEFVWIRIF—EMLICHDEZERT D,
T—2H2 VI IERY THE

FT/B. 4008, TUB. B, 5. BE. B, F
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Arrangement of Symbols and Data

Elements

symbol of the element
standard atomic weight based on C 12 = 12

absorption cross section for thermal neutrons (barn)

Stable Nuclides

symbol of the element, number of nucleons
abundance in naturally occuring element (atom %)

(n, y)-cross sections for the formation of the metastable
and the ground state of Te 127 by thermal neutrons (barn)

symbol of the element, number of nucleons

left hand side: half-life of metastable state;
y-energy (keV) of the isomeric transition

right hand side: abundance in the natural element (atom %)
(n, y)-cross sections for the thermal neutrons (barn)

Unstable Nuclides

symbol of the element, number of nucleons
half-life

modes of decay, endpoint energy of 3 -radiation (MeV)
y-energy (keV), conversion electrons,
(n, y)-cross section (barn)

symbol of the element, number of nucleons
half-lives

both states decay by electron capture; the metastable
state decays to the ground state
with a branching ratio for ly in the range of 50% — 95%

symbol of the element, number of nucleons
left hand side: spontaneous fission isomer, T <0.1 s

right hand side: decay data of the ground state

“g” indicates that the daughter Pu 240g is formed to at least
95 %; a population of Pu 240m up to 5% cannot be
excluded

where emission of a particle results from a resonance
state in an unstable nucleus, both the resonance
width T" (MeV) and the half-life T4, are given

Cd
112.41

Gans 2520

Te 126
18.84

oc(i12 +0.8

H®6
1.6 MeV
290 - 105

n?3n?

EEHRTTFT—RORE

TR
RS
Cl2=12 L 92RFE

BPMTF LT 2RINETEE (/N2 )

BN
RERS. KTH
RRIFIE T H R ORI TS (at%)

BN T ICRY) ETERES RTERREDTe 127
ZERTD (n,y) RISOMEE (/N—2)

TERE. BTH

Efl  BREREBOXBY., BUREBICHSYIRILF— (
keV)

Gl BRFEAZFOEREQFEE S (at%).
BHRMETFICRTD (n,y) RISOMEE (/N—2)
FRERE

RRER. BTH
¥

BEER, PRHORKRIRILF— (MeV)
yIRILF— (keV )., HBREF
(n,y) RIEOUERE (/N—2)

RERE. BTH
¥

EAMECEETHELCRYBEL., YREADOSIKRERE50~
95%NEEA TEREREL SEERRENOHEETS,

TERS, BTH
ERFRHOADREO BRI R

AR ERREORET—2
“g" (R BAEEOURE & L TPu 240g195% 3 L, Pu
240miE5% AT THBZEETRT

HBREDTRZEREL SHFRHI BTN BECE, #
1818 [(MeV) & ¥RMT, DRHEZLHT S,
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Explanation of the Chart of the Nuclides

General

In this chart each experimentally observed nuclide is
represented by a square containing the symbol of the
element and the number of nucleons A. In the chart the
nuclides are arranged such that the proton number Z is
given on the ordinate and the neutron number N = A— Z on
the abscissa.

In the present nuclide chart update, the 1998 edition of the
Karlsruhe Nuclide Chart was compared to the NUBASE
2003 evaluation [16] to establish a list of nuclides which
were not present in the 1998 evaluation. From this list we
have selected only nuclides which have been measured
experimentally. In particular, nuclides were selected where
the half-life or the mass has been determined or the
nuclide has been clearly identified. Where a nuclide has
been identified but the half-life has not been measured, a
detection limit for half-life is given (greater or lower than a
value).

Metastable states, which do not undergo a-, or B-decay, or
spontaneous fission, i.e. decay only by gamma emission,
are included only if their half-life is larger than 1 s. Where
emission of a particle results from a resonance state in
unstable nuclides, both the resonance width and
corresponding half-life are given using the relations:

22
Fc4m.T1/2 =h ln2, T]/Q(S) ~4562x10 / Fc'm.(MeV)

For mass numbers in the range A = 266 — 294 we have
used the latest 2005 (till August 12, 2005) Nuclear Data
Sheets revision [17]. For the period not covered by
NUBASE, i.e. 2003 until summer 2006, nuclide information
has been taken from Nuclear Data Sheets 100 — 107. In
addition, original publications up to summer 2006 were
taken into account. A full list of new and updated nuclides
in the present chart is given later in this brochure.

Atomic weights of the elements and isotopic abundances
have been taken from J. R. De Laeter [18]. For isomers
which decay exclusively by spontaneous fission, no decay
data is given in the chart. A table of half-lives (all less than
0.1 s), from B. Singh [19], are given in the brochure. Chain
yields are from R. W. Mills [20] and neutron cross sections
are from N. E. Holden [21].

HE®E) =E dF
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MEsoz EBEE 2 ¥5e o TEOIM HavlE U K
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Ytz  EXMSHR] Y Bl ZIAEE HHET
LIgtolct. o] EIAERREH fEE AHMoR SYE #HEH
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T o| HESHAH FHelxls XM #ES MYHCL #F0|
Holz|ioLt gr77t SH-EX| ke Rols, grz7| EX|
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Nuclear

Nuclear Data

HAEQ HRE L SA EXEIE J. R De Laeter
M8ZEE 7tMtCt TEoE 2F xigsHEAdol| ol
o|dxilof cigt 81| dlo|E{7t @it B. Singh [19]
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Isotopes Isotope
z 45
I 72
a| ]
60 52 64 86 [7] 70
Isotanes Isobare

[16] G. Audi, O. Bersillon, J. Blachot and A.H. Wapstra, The NUBASE evaluation of nuclear and decay properties, Nuclear Physics A, 2003, 729, 3 (2003).

[17] M. Gupta and T. W. Burrows, Nuclear Data Sheets 106, 251 (2005).

[18] J. R. De Laeter, J. K. Bohlke, P. De Bievre, H. Hidaka, H. S. Peiser, K. J. R. Rosman, and P. D. P. Taylor, Atomic Weights of the Elements: Review 2000,

Pure & Appl. Chem., 75, 683 (2003).

[19] B. Singh, R. Zywina, and R. Firestone, Table of Superdeformed Nuclear Bands and Fission Isomers, 3rd Edition, Nuclear Data Sheets 97, 241 (2002).

[20] A. Koning, R. Forrest, M. Kellett, R. Mills, H. Henriksson,Y. Rugama “JEFF Report 2.1: The JEFF-3.1 Nuclear Data Library”. OECD/NEA Report to be
published. See also R. W. Mills “Fission Product Yield “Evaluation”, Thesis, 1995, The University of Birmingham, UK .

[21] N. E. Holden, Neutron Scattering and Absorption Properties, Handbook of Chemistry and Physics on CD-ROM, version 2006, 11-185, Ed. D.R. Lide, CRC

Press, Boca Raton, Florida.
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Decay Modes: Colour and Symbols

Stable nuclide

Primordial radionuclides, i.e. those formed in the build-up
of terrestrial matter and still present today.

Decay modes are represented by specific colours.

p: Proton decay

o: Alpha decay

€: Electron capture

B": Positron decay

ly: Isomeric transition

B": Negatron decay

sf: Spontaneous fission

ce: Cluster emission e. g. C 14, Ne 20
n: Neutron emission

The data given in the left part apply to the metastable state,

those in the right part to the ground state. Iy denotes y-
quanta due to the decay to the ground state of the same
nuclide (isomeric decay).

The assignment of decay properties to the metastable or

ground state is uncertain. —
One or more short-lived states, for which only decay via

spontaneous fission has been observed (spontaneously

fissioning isomers) are indicated by a vertical green bar.

Emission of y-quanta; they are always listed together with Y
the respective parent nuclide.

Emission of the specified particles or spontaneous fission Bxp; Bxn;
from an excited level of the daughter nuclide, populated via Bd; Bt;
B-decay (“B-delayed particle emission or fission”). Bxa" Béf
Simultaneous emission of two f-particles (“double pB- 2B
decay”, e.g. Te 130 — Xe 130).

Emission of the specified particles from a particle-unstable p; n
nuclide. Simultaneous emission of two particles is indicated 2p; 20

only, if one-particle-emission is excluded for energetical
reasons (e.g. Be 6 — 2p).

Multiple Decay Modes and Branching Ratios

The branching ratios of the decay modes are indicated by 3
different sizes of the coloured sections and by the
sequence of the symbols. Pure decay modes are indicated
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by a single colour (e.g. see previous section). Mixed decay
modes are indicated by the use of coloured triangles. A
small coloured triangle in the top left or bottom right
indicates a branching ratio for this mode of < 5%
(conversely, the major mode has a branching ratio of >
95%) as shown in the figure. The small triangles
representing proton or alpha emission are always on the
top left corner (first two boxes). The triangles for [~
emission or spontaneous fission are always at the bottom
right. Triangles representing €/f" or ly may be at the top left
or bottom right depending on the major mode. For ¢/f", the
red triangle is at the bottom right if the main mode is alpha
or proton emission.

Otherwise, the red triangle is at the top left corner. For
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at the top left corner. Cluster emission is always indicated
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i ) } OK| ol Ao w7t AlZISIS 2|x Moj| 9/ct. oAl

location of the small triangles is as follows: | 8g 2o wt d4E % 9 7ol ATk oIS
™ol yoll cHsh, & 27t oot E£= FRF S 20| e/p'EHH
A MZtHEo| R EF LHEE ol UL oL 2/ 21 Ao
UCH SHAE YES T 2EZ M Zoiolol JeE =2
MZEo R LIEHCH a2z &2 MZHEol fkle ot
Zrh:

1] in wl B Iy [} 54 o

If the pranc_hing ratio of _the minor mode is i|_'1 the range 5- HIZR ZEo| 27| HIg0| Ml 5 - 50% (50 - 95% HQlo| F

50% (implying a branching ratio for the major mode in the aole ot - bl o -

range 50 — 95%), the box is divided into two by a diagonal 2C 2718 X8Hel B0, 4xt= 2EZ 2| 2 2% ot2hE

connection the lower left and top right corners. The location CHZ Mo 2 odZdslod & JH2 Betat=Ict, 2 AlzHsdol Qx|=
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Au 184 m AC 222 m Am 242 m Ac 226 Mo 254 Es 254 m
Examples: of:
e+pr=100% e+3" = 100% 50%=a<85% 50%= e 95% o =95% S0%=1y=95%  e=95%
(a8
"
U e % B Y [e+F") = 95% 5% < e=50% 5 %< a=50% BF=5% 5% < e=50% by =5 %
Fee = Bt by=y bp=y
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The symbols for the particle emitting decay modes are
arranged according to branching ratio with the highest
branching ratio first, followed by y-quanta and
conversion electrons. The data for the isomeric decay
have been arranged corresponding to the branching
ratio of the decay mode. B-delayed particles or fission
(Bn, Bp, Bsf) precede or follow the y-quanta according to
the relative intensities.

For a given type of radiation the sequence of the
energies corresponds to the relative intensities (in
decreasing order) of the respective radiation. In case of
B-decay a slightly different rule is used (see below).

Points indicate further transitions of the same type with
lower intensities.

Energies are given in keV for y-quanta, in MeV for all
kinds of particles. A radiation symbol without energy
value indicates that the radiation occurs but the energy
has not been measured.

Endpoint energy of the most abundant B-transition. In
case further transitions with higher energies exist, the
second number corresponds to the hightest endpoint
energy observed.

B-transitions with known energies, for which the sum of
their abundances is less than 1%.

Electron capture is specified only, if it is more probable
than B*-decay.

Particle energies listed according to decreasing
probabilities of the respective transitions. At least one
energy is given, even if the abundance of the most
prominent group is less than 1%.

Energies of the strongest y-quanta arranged in order of
decreasing intensities. Intensities less than 1% are given
in brackets.

y-Energies followed by an asterisk denote transitions
after B-delayed particle emission.

Several y-quanta of unknown intensities within the

energy interval 291-1319 keV.

Conversion electrons are specified only if they are more
abundant than the y-quanta. Energies are not quoted.

Cross Sections
All cross sections are given in barn (1074 cm?) and refer
to reactions with thermal neutrons (0.0253 eV).

Cross section for the (n, y) reaction. If two values are
given, the first refers to the formation of the product
nucleus in the metastable, the second to the formation in
the ground state.

Fission cross section
(n, p) cross section
(n, a) cross section

Absorption cross section

Additional Symbols and Abbreviations
Chain yield (%) for the thermal neutron fission of U235
(above) and Pu239 (below) the arrowed line.
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Nuclides with a closed neutron or proton shell are
characterized by heavy horizontal or vertical lines.

o

The symbols “m” and/or “g” indicate that the metastable
and/or ground state of the daughter nuclide is populated,
respectively. The symbols are presented in order of
decreasing probability. Branches with probabilities less
than 5% are not shown. Subscripts on “m”, e.g. my, my,
are used to denote different metastable states (with m,
being a higher energy state than my).

Data or assignment uncertain.

Nanosecond, microsecond, millisecond, second, minute,
hour, day, year.

ns, ps, ms, s,
m,h,d, a

TERlE BAN EE YMR WIS T #Ze =e
£EMI 4 THoE S5 EAIR

'™ BLES g 7lEE @ BB Ford dEl/EE 71K
Meh 24z SHEEISS Uetdch o Jlzse #Eo|
Hasts MOZ Ui 5% Oigtel HEg IHE
XIS S EAISHR| obotrt Holgt FovE Nels S BT
QI8 "mrol of2f X, I mi, mB AHSHCL (miEcHs

my7t oI X| 4 EN7} o EC})
= 4E Ktz AR ofo E EX

Lt MIZiE, olo|3 2 MZAE, LEMZAHE, =

B Azt o, 4
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Arrangement of Symbols and Data

Elements

symbol of the element
standard atomic weight based on C 12 = 12

absorption cross section for thermal neutrons (barn)

Stable Nuclides

symbol of the element, number of nucleons
abundance in naturally occuring element (atom %)

(n, y)-cross sections for the formation of the metastable
and the ground state of Te 127 by thermal neutrons (barn)

symbol of the element, number of nucleons

left hand side: half-life of metastable state;
y-energy (keV) of the isomeric transition

right hand side: abundance in the natural element (atom %)
(n, y)-cross sections for the thermal neutrons (barn)

Unstable Nuclides

symbol of the element, number of nucleons
half-life

modes of decay, endpoint energy of B -radiation (MeV)
y-energy (keV), conversion electrons,
(n, y)-cross section (barn)

symbol of the element, number of nucleons
half-lives

both states decay by electron capture; the metastable
state decays to the ground state
with a branching ratio for ly in the range of 50% — 95%

symbol of the element, number of nucleons
left hand side: spontaneous fission isomer, T <0.1 s

right hand side: decay data of the ground state

“g” indicates that the daughter Pu 240g is formed to at least
95 %; a population of Pu 240m up to 5% cannot be
excluded

where emission of a particle results from a resonance
state in an unstable nucleus, both the resonance
width T" (MeV) and the half-life T4, are given

Z|Z2t clolE{o| HiY

HAE
Cd . ~
112.411 Haolz
C12=120] 273t= EZ SRt
Caps 2520

Te 126
18.84

o012 +0.8

Iy 162

 ors) #a BRI (23 %

g7

%ﬂl HI'A| ﬁ o%o
1Ol (keV), &
(n, v)-E™H(barn)

zH oflLixI(MeV)
iR}

]

2

=0l olFt S 1o & HE;
= AEIZEE| 7|X] MBI
Iy ofl CHEt 50% - 95% <l LHel 27|18

]

IN

=

& AUSEE o|dA, T<0.1s

5: 7|M 4ejo| 81| dlo|H
g=

"g"= & Pu240g7t H0o{E 95%7 K| M EICt
5%2| Pu240m2| EME HiA & M= oF ElCt.

LtEFEACH

32



European Commission — Joint Research Centre — Institute for Transuranium Elements
Title: The Karlsruhe Nuklidkarte Database

Author(s): Christophe Normand

2007 — 33 pp.—21.0x29.7 cm

Abstract

The interest in nuclear applications and the development of nuclear databases led to a new edition of the
Karlsruhe Nuklidkarte in 2006. To smooth the progress of future updates and in view to release an electronic
version of the chart, an electronic database was created. One major advantage of an electronic version is the
possibility to intercompare data with other well-established international nuclear databases, such as the
European JEFF database. In this framework, a collaboration with the NEA databank/JEFF project was initiated.
The extended capacity of such a database, compared to the paper based version, allows improving significantly
the amount of data featured in the database, with quantities such as spin or parity.
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The mission of the JRC is to provide customer-driven scientific and technical support
for the conception, development, implementation and monitoring of EU policies. As a
service of the European Commission, the JRC functions as a reference centre of
science and technology for the Union. Close to the policy-making process, it serves
the common interest of the Member States, while being independent of special
interests, whether private or national.

EUROPEAN COMMISSION
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